In this study, the effective callus culture, somatic embryogenesis, and plant 9 regeneration system of Dysosma versipellis, which is an endangered and endemic plant in China, 10 were established under specific culture conditions. Using the D. versipellis leaves, petioles, and 11 roots as explants, DPS software orthogonal design method and SPSS Duncan's multiple range test 12 were used to investigate their effects of D. versipellis on callus formation, embryoid induction,
The vigorously grown D. versipellis seedlings were selected (Fig. 1b ). The leaves, petioles, and 69 roots were cut into small pieces (segments) of approximately 5 mm on the sterile and clean 70 workbench and then inserted into the MS medium containing the plant growing materials.
71

Leaf callus induction
72
The orthogonal test of L 16 (4 5 ) was designed using the orthogonal design function of the DPS were induced, and the first callus was differentiated from leaves, which was vigorously divided, 105 loose, and fragile ( Fig. 2-a) . The long-term cultured browning callus will produce multiple 106 trumpet-like embryoids (Fig. 2-b ), which will further develop into complete plants with 107 cotyledons and roots (Fig. 2-c) . This result provides an idea for the induction of callus embryoids 108 for the next step of the study. The second callus was differentiated from the stem segmentation, 109 which was large and tightly packed (Fig. 2-c) . During the dark culture, some calli differentiated 110 into the germs (Fig. 2-d ) and multiple white roots ( Fig. 2-e ). Root-induced callus exhibited severe 111 browning. Therefore, the leaves or petioles were selected as the inducing material for callus for 112 the next experiment.
113 bulged, the edge of the pieces was attached to the medium, and the incision was swollen, which 118 gradually formed the callus. Table 1 shows that the callus induction rate of treatment 10 was 119 66.67%, the browning rate was only 11.11%, and the callus growth was also optimal. The induced 120 callus, which is a good material to further induce D. versipellis embryoids, was mostly yellowish 121 and granular. Although the induction rate of treatment 13 was high (70%), D. versipellis leaves 5 122 easily turned brown in color at the later stage, with the browning rate of 20%, and the growth of 123 127 callus was worse than that of treatment 10 (Fig. 2 f-j) .
Effects of different hormones on the callus induction rate of the D. versipellis leaves
128
According to the statistical analysis method of DPS, the difference between the maximum 129 and minimum means of callus induction rate of different growth hormones on D. versipellis was R;
130 the larger the value of R was, the more evident the effect on the callus induction will be.
131
Comparing the range R values of the five growing substances in the table and combining the 132 growth status of callus showed that the effects of 2,4-D, NAA, TDZ, 2-ip, and KT on the induced 133 callus in D. versipellis leaves followed the order of 2,4-D>TDZ>KT>NAA>2-ip. Among these 134 hormones, 2,4-D and TDZ were the key factors affecting the callus formation of D. versipellis 135 leaves, followed by KT, NAA, and 2-ip.
136
Therefore, a treatment combination for inducing the best growth material for the callus of D.
137 versipellis leaves can be obtained, that is, the concentration of each growing substance when the 138 total induction rate (T value) or the average number X value was the largest, as follows: successfully induce spherical callus with granular surface on media 2, 3, and 4 ( Fig. 2k ) and 144 gradually developed into different embryoid stages. On the basis of the whole development time, 145 the occurrence of embryoid was unsynchronized. Despite the variation in sizes, they were mostly 146 trumpet-like embryoids on the same callus (Fig. 2 l-n) . These embryoids were loose and easily 147 separated from the callus. Medium 1 showed insignificant embryoid formation. Using the 148 Duncan's multiple range test performed on the SPSS analysis software, the ANOVA of the 149 average embryoid incidence in the callus of D. versipellis was carried out on different hormone 150 combinations. The results showed that when the 2,4-D concentration was 0.5 mg/L, the average 151 incidence rate of embryoid was 50.72% ( Table 2 ). The results of the culture media 2 and 3 showed 152 that when the 2,4-D concentration was 0.5 mg/L, the average incidence rate of embryoids was 153 significantly higher than that of the medium without NAA by adding the medium with low NAA The normally developed D. versipellis embryoids with cotyledons were transferred to MS+0.5
